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Brain oedema is thought to form and to clear through the use of water-protein channels, aquaporin-4
(AQP4), which are found in the astrocyte endfeet. The model developed here is used to study the function
of AQP4 in the formation and elimination of oedema ﬂuid in ischaemia–reperfusion injury. The cerebral
space is assumed to be made of four ﬂuid compartments: astrocyte, neuron, ECS and blood microvessels,
and a solid matrix for the tissue, and this is modelled using multiple-network poroelastic theory. AQP4
allows the movement of water between astrocyte and the ECS and the microvessels. It is found that the pres-
ence of AQP4 may help in reducing vasogenic oedema shown by a decrease in brain tissue extracellular
pressure. However, the astrocyte pressure will increase to compensate for this decrease, which may lead
to cytotoxic oedema. In addition, the swelling will also depend on the ionic concentrations in the astrocyte
and extracellular space, which may change after ischaemic stroke. Understanding the role of AQP4 in
oedema may thus help the development of a treatment plan in reducing brain swelling after ischaemia–
reperfusion Copyright © 2016 John Wiley & Sons, Ltd.
Received 17 September 2015; Revised 27 February 2016; Accepted 6 March 2016
KEY WORDS: poroelastic theory; AQP4; vasogenic oedema; blood–brain barrier; ischaemia–reperfusion
injury
*Correspondence to: Mohd Jamil Mohamed Mokhtarudin, Institute of Biomedical Engineering, Department of Engineer-
ing Science, Old Road Campus Research Building, University of Oxford, OX3 7DQ Headington, Oxford, UK.
†E-mail: mohd.mohamedmokhtarudin@wolfson.ox.ac.uk
INTERNATIONAL JOURNAL FOR NUMERICAL METHODS IN BIOMEDICAL ENGINEERING
Int. J. Numer. Meth. Biomed. Engng. (2017); e02784
Published online 22 April 2016 in Wiley Online Library (wileyonlinelibrary.com). DOI: 10.1002/cnm.2784
